Range and payload of current electric aircraft is limited primarily due to low energy density of batteries. However, recent advances in battery technology promise storage of more than 1 kWh of energy per kilogram of weight in the near future. This kind of energy storage makes possible the design of an electric aircraft comparable to, if not better than existing state-of-the art general aviation aircraft powered by internal combustion engines. This thesis explores through parametric studies the effect of liftto-drag ratio, flight speed, and cruise altitude on required thrust power and battery energy and presents the conceptual and preliminary design of a four-seat, general aviation electric aircraft with a takeoff weight of 1750 kg, a range of 800 km, and a cruise speed of 200 km/h. An innovative configuration design will take full advantage of the electric propulsion system, while a Lithium-Polymer battery and a DC brushless motor will provide the power. Advanced aerodynamics will explore the greatest possible extend of laminar flow on the fuselage, the wing, and the empennage surfaces to minimize drag, while advanced composite structures will provide the greatest possible savings on empty weight. The proposed design is intended to be certifiable under current FAR 23 requirements.
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INTRODUCTION
It is now recognized that emission of carbon, nitrogen oxides, halogens, and other products from the burning of aviation fuel contributes to the climatic change we have been experiencing (e.g., ozone layer depletion, air quality degradation) [1] .
Furthermore, current airplane engines are noisy. According to GAO Report 2008, aviation emissions contribute about 1% of the air pollution and 2.7% of the US gas emissions. Although these percentages seem small, global air traffic is predicted to increase at a rate of 20% by 2015 and 60% by 2030. Currently, global aircraft emissions produce about 3.5% of the warming generated by human activity [2] .
However, if unchecked, by 2021 the emissions will increase up to 90% from the current level [2] . This negative impact on the environment can be reduced by introducing more eco-friendly propulsion systems and suitable airplane designs. One of the steps to achieve eco-aviation is designing an aircraft with an electric propulsion system. 
THE ROLE OF ELECTRIC AIRCRAFT
The advantages of electric motors (EM) compared to bio fuel are summarized below. Tables 1 and 2 summarize data on the propulsion types of electric aircraft. Table 1 refers to existing aircraft, whereas Table 2 presents data on aircraft currently under research. 
EXISTING ELECTRIC AIRCRAFT DESIGNS
ELECTRA ONE
The design of Electra One is shown in Figure 3 . The specifications of the aircraft are given in Table 3 . 
YUNEEC E 430
The design of Yuneec E 430 is shown in Figure 4 . The specifications of the aircraft are given in Table 4 . 
CRI-CRI
The design of Cri-Cri is shown in Figure 5 . The specifications of the aircraft are given in Table 5 . 
PIPISTREL TAURUS G2
The design of Pipistrel Taurus G2 is shown in Figure 6 . The specifications of the aircraft are given in Table 6 . 
PIPISTREL PANTHERA
The design of Pipistrel Panthera is shown in Figure 7 . The specifications of the aircraft are given in Table 7 . 
ANTARES H3
The design of Antares H3 is shown in Figure 8 . The specifications of the aircraft are given in Table 8 . 
DESIGN REQUIREMENTS
The design requirements for the proposed aircraft are as follows. Tables 9 and 10 [ 13] . Based on this comparison, the best option is the battery due to its lower weight, volume, and cost.
Although the energy density of the fuel cell is higher than that of the battery, the space occupied by the fuel cell is too large to be used in a 4 seat aircraft. The following sections explain the characteristics of motor and battery selection.
The lightest and most efficient devices have been chosen for the proposed design.
ELECTRIC MOTOR CHARACTERISTICS
A DC brushless motor is chosen because of its higher reliability and higher torque at lower rpm. The brushless motor is purely inductive. Unlike a brushed motor, there is no brush to replace, so the motor life depends mostly on the bearings.
PROPELLER CHARACTERISTICS
The desired characteristics of the propeller are for light weight and low noise production for the desired level of thrust. Increasing the number of blades decreases noise, but it also increases the structural weight and decreases blade efficiency. Each The battery source is selected based on the specific energy, specific power and operating voltage range of the battery. Table 11 shows different battery types. Based on this comparison, the Li-Po battery seems to offer all of the desirable characteristics for the proposed airplane [14] . 
PRELIMINARY SIZING
The preliminary sizing of the aircraft is performed following the steps in reference [10] .
TAKEOFF WEIGHT ESTIMATION
The takeoff weight is subdivided into different groups as shown below. A general idea of the weight of each group is obtained from existing electric aircraft, such as the Taurus G4, the Diamond DA40, and the Cessna Corvalis TTX. 
PERFORMANCE SIZING
The design point is obtained from the performance sizing graph. The aircraft is sized according to the FAR 23 requirements. 
SUMMARY OF PERFORMANCE SIZING
The design point chosen is shown on the performance sizing graph. Table 12 provides the summary of performance sizing. 
BATTERY SIZING
The battery is sized following the method in reference [14] . The thrust power generated by the propeller is:
For level, unaccelerated flight, thrust equals drag. Hence,
The energy needed from the battery is:
where, E = Endurance of flight E B = Battery Energy P B = Battery Power The specific energy (KWh) is found out using the above conversion method.
The mass of the battery is estimated using the specific energy of Li-Po battery. Tables   13 and 14 show the thrust power, specific energy and battery mass battery required for different L/D ratios and cruise velocities. The endurance changes as a function of cruise speed. A 30-minute reserve has been taken into account. The mass of the battery is calculated based on the theoretical specific energy of the battery. Table 14 that a L/D ratio of 16 or above is required at a cruise velocity of 200 km/h to achieve a battery mass of no more than 500 kg, as estimated in the preliminary weight sizing earlier.
PRELIMINARY DESIGN
FUSELAGE LAYOUT
The fuselage is sized to provide adequate space for four passengers and their baggage. The method in reference [10] is used to decide on the values of the various fuselage parameters. 
WING DESIGN
A cantilever, low wing is selected for the design due to its favourable ground effect during takeoff and the shorter landing gear, which helps in reducing the structural weight. Also, the wings can be used as a step to enter into the aircraft.
From the summary of the performance sizing results, the wing specifications can be calculated:
Wing Area, S = 184 ft 
WEIGHT AND BALANCE ANALYSIS
The various components that contribute to the aircraft weight are shown in Figure 13 for the purpose of estimating the aircraft cg. Table 15 shows an estimation of the empty weight cg at 10 ft from the nose of the fuselage using data from existing aircraft [10] , while Table 16 gives the location of the aircraft cg. From Figure 14 , the cg travel of the aircraft is 16 in or 31% of the wing mean aerodynamic chord.
LANDING GEAR
A retractable, conventional, tricycle landing gear is chosen to reduce drag and to provide the greatest extent of laminar flow over the wing during cruise. The landing gear specifications and location are determined by the ground clearance and tip over criteria [10] . To provide adequate clearance for the propeller, the length of the nose landing gear is chosen at 4 ft and the length of the main landing gear at 3 ft.
The nose gear is placed 86 inches from the nose of the fuselage, while the main gear is located 125 inches of the fuselage section. The static load per strut for the nose and main landing gears is found from:
From equation (7) and typical landing gear wheel data [10] , the landing gear specifications are easily obtained.
EMPENNAGE
A T-tail is chosen for the proposed design because it provides the best location for staying out of the wing wake and it increases the efficiency of the horizontal stabilizer, thus requiring a smaller area. From the configuration layout, the distance of the horizontal and the vertical stabilizer from the cg is obtained: 
HIGH LIFT DEVICES
A plain flap is the most simple high lift device which provides a maximum increment of 0.9 while adding less structural weight. Hence a plain flap is chosen in this design. Table 17 gives the increment in lift coefficient for each device [13] . The ideal and maximum lift coefficients for the airfoil are calculated from the equations in reference [13] :
The airfoil is chosen primarily based on these two criteria. The ideal lift coefficient is higher when compared to the average ideal lift coefficient, which is usually in the range of 0.2 -0.4. Hence, the induced drag produced by the wing will be higher, but the Pipistrel Panthera has an ideal lift coefficient of 0.7, which is comparable. The airfoils that have the highest ideal lift coefficient are considered to find the best suitable one.
The NACA 6-series airfoils have high ideal lift coefficient [13] . A number of airfoils were selected and their lift, drag, and pitching moment characteristics are compared in Figures 15 through 20 , to find the best airfoil. From the results, two airfoils, NACA 65618 and NACA 66212 were selected and compared. The NACA 65618 generated high lift-to-drag ratios during cruise and a smaller pitching moment coefficient, hence it is chosen for the proposed design. 
DRAG POLAR
The preliminary estimates of the airplane low-speed drag coefficient and
Oswald efficiency factor are estimated for different configurations of the aircraft and shown in Table 18 [10]. The wetted surface area of the aircraft is estimated to be = 676 ft 2 , while the equivalent parasite area is estimated at f = 4. Hence: This value for (L/D) max obtained from the drag polar satisfies the initial estimate of the battery mass, as shown earlier in Table 14 , hence, no iteration is needed. Figure 21 shows the preliminary design layout of the proposed 4-seat, general aviation, electric aircraft. 
PRELIMINARY DESIGN LAYOUT
CONCLUSION
It is noted that the range and efficiency of the electric aircraft depend heavily on the takeoff weight. The takeoff weight of 1,750 kg is much higher when compared to aircraft of the same category such as, for example, the Pipistrel Panthera, which has a takeoff weight of 1,200 kg. This, of course, is due to the higher L/D ratio, which reduces the energy needed during flight, and as a consequence, the required battery weight. Needless to say, the proposed design extrapolates on advances in battery technology, composite structures, and aerodynamics to help achieve the performance shown in this thesis. The next step is a detailed analysis of each subsystem to confirm the feasibility of the proposed concept.
